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Stres kardiomiopatija u bolesnice u uznapredovaloj fazi 
amiotrofične lateralne skleroze 
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SAŽETAK: Stres kardiomiopatija entitet je nepoznate etiologije karakteriziran prolaznom sistoličkom 
disfunkcijom lijeve klijetke i regionalnim poremećajima kontraktilnosti, koji upućuju na infarkt miok-
arda, ali bez angiografski značajne opstruktivne koronarne bolesti srca. Klinički, u bolesnika se očituje 
boli u prsima i/ili dispnejom, a promjene u EKG-u upućuju na akutni infarkt miokarda s elevacijom 
ST-segmenta. Bitan čimbenik razvoja stres kardiomiopatije povišene su razine katekolamina u plaz-
mi kao rezultat hiperaktivnosti simpatikusa izazvane stresnim događajem. Amiotrofična lateralna 
skleroza (ALS)  progresivna je neurodegenerativna bolest koja zahvaća gornji i donji motoneuron, a 
najčešće završava smrću zbog paralize mišića za disanje i respiratornog zatajenja. U bolesnika s ALS-
om opisane su povišene razine katekolamina i aktivnosti simpatikusa, što čini rizik za razvoj stres 
kardiomiopatije. U radu je prikazana bolesnica u uznapredovaloj fazi ALS-a s razvojem stres kardio-
miopatije.
SUMMARY: Stress cardiomyopathy is an entity of unknown etiology characterized by transient systolic 
dysfunction of the left ventricle and regional wall motion abnormality which suggest myocardial in-
farction, but with an absence of angiographic evidence of obstructive coronary artery disease. Patients 
present with chest pain or/and dyspnea, while ECG changes are similar to acute myocardial infarction 
with ST-elevation. An important factor in the development of stress cardiomyopathy are high catecho-
lamine levels in the blood as a result of the hyperactivity of the sympathetic nervous system caused 
by a stressful event. Amyotrophic lateral sclerosis (ALS) is an incurable progressive neurodegenera-
tive disease that causes muscle weakness and ultimately ends in death due to respiratory muscle 
paralysis and respiratory failure. High catecholamine levels and increased sympathetic activity have 
been described in patients with ALS, which suggests that ALS is a risk factor for developing stress 
cardiomyopathy. In this article, we present a patient at an advanced stage of ALS who developed stress 
cardiomyopathy. 
KLJUČNE RIJEČI: stres kardiomiopatija, amiotrofična lateralna skleroza, akutni infarkt miokarda s el-
evacijom ST-segmenta.
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cardial infarction.
CitAtiON: Cardiol Croat. 2020;15(1-2):16-21. | https://doi.org/10.15836/ccar2020.16
*AddReSS fOR CORReSPONdeNCe: Ivana Sopek Merkaš, Specijalna bolnica za medicinsku rehabilitaciju Gajeva 2, 
HR-49172 Krapinske Toplice, Croatia. / Phone: + 385 49 383 100 / E-mail: ivana.sopek92@gmail.com
ORCid: Ivana Sopek Merkaš, https://orcid.org/0000-0002-0888-5005 • Krunoslav Fučkar, https://orcid.org/0000-0002-2723-8356 
Dora Cerovec, https://orcid.org/0000-0002-9014-9866 • Nenad Lakušić, https://orcid.org/0000-0002-2329-2582 
Ljubica Vincelj Šalković, https://orcid.org/0000-0003-2432-802X • Duško Cerovec, https://orcid.org/0000-0002-5675-4202 
Igor Šesto, https://orcid.org/0000-0002-2201-4425
tO Cite thiS ARtiCLe: Sopek Merkaš I, Fučkar K, Cerovec D, Lakušić N, Vincelj Šalković Lj, Cerovec D, et al. Stre-
ss Cardiomyopathy in a Patient with Advanced Stage Amyotrophic Lateral Sclerosis. Cardiol Croat. 2020;15(1-2):16-21. | 
https://doi.org/10.15836/ccar2020.16
tO LiNK tO thiS ARtiCLe: https://doi.org/10.15836/ccar2020.16
Prikaz slučaja Case report
Stres kardiomiopatija (Takotsubo kardio-miopatija) karakterizirana je prolaznom sistoličkom disfunkcijom lijeve klijetke i 
regionalnim poremećajima kontraktilnosti koji 
upućuju na infarkt miokarda (MI), ali bez angio-
grafski značajne opstruktivne koronarne bolesti 
srca (CAD)1. Dijagnosticira se u otprilike 1 – 2 % 
svih slučajeva u kojih se sumnja na IM1. Klinič-
ke su tegobe najčešće  u obliku bola u prsima i/
ili dispneje, elektrokardiografske promjene opo-
našaju akutni infarkt miokarda s elevacijom ST-
segmenta (STEMI), a laboratorijski biljezi lezije 
Stress cardiomyopathy (Takotsubo cardio-myopathy) is characterized by transient systolic dysfunction of the left ventricle and 
regional wall motion abnormality which suggest 
myocardial infarction (MI), but with an absence 
of angiographic evidence of obstructive coronary 
artery disease (CAD)1. It is diagnosed in approxi-
mately 1-2% of all cases in which MI is suspected1. 
Patients present with chest pain or/and dyspnea, 
while ECG changes are similar to acute myocar-
dial infarction with ST-elevation (STEMI) and 
laboratory markers in the myocardial lesion are 
2020;15(1-2):17.
miokarda obično su blago do umjereno povišeni2-5. Ehokardi-
ografski se tipično nalazi akinezija i baloniranje apeksa lijeve 
klijetke (LV) uz reduciranu sistoličku funkciju6. Postoje i ati-
pične varijante, od kojih su najčešće hipokinezija srednjeg di-
jela LV-a, dok je apeks pošteđen te varijanta pri kojoj se nalazi 
akinezija bazalnih segmenata LV-a i hiperkinezija apeksa, a 
naziva se »obrnutom« Takotsubo kardiomiopatijom6. Sindrom 
se mnogo češće pojavljuje u žena u menopauzi, a obično mu 
prethodi epizoda emocionalnog, psihičkog ili fizičkog stresa7. 
Među bolesnicima sa stres kardiomiopatijom veća je preva-
lencija neuroloških i psihijatrijskih poremećaja7. Jasni uzroci 
i patofiziologija stres kardiomiopatije nisu dovoljno razjašnje-
ni (vazospazam, mikrovaskularna bolest itd.)8, a opisana je 
i uloga povišene razine katekolamina u plazmi kao rezultat 
hiperaktivnosti simpatikusa izazvane stresnim događajem9. 
Dokazana je aktivacija određenih područja mozga (hipokam-
pus, moždano deblo i bazalni gangliji) mjerenjem povećanoga 
moždanog protoka jednofotonskom emisijskom kompjutori-
ziranom tomografijom te smanjenoga protoka u prefrontal-
nom korteksu u bolesnika s Takotsubo kardiomiopatijom10. 
Amiotrofična lateralna skleroza (ALS) neizlječiva je neuro-
degenerativna bolest koja se očituje progresivnom slabošću 
mišića, a završava smrću zbog paralize mišića za disanje i 
respiratornog zatajenja11. Zahvaća gornje i donje motoneurone 
i klinička je slika najčešće kombinacija disfunkcije gornjeg i 
donjeg motoneurona12. Može se prezentirati asimetričnom 
slabošću i atrofijom mišića udova koji su voljno inervirani 
(slabost najčešće počinje u mišićima šaka) ili pojavom bul-
barnih simptoma, a poslije razvojem mišićne slabosti ili is-
ključivo simptomima koji uključuju donji motoneuron (slabost 
mišića, mišićna atrofija, fascikulacije). Oko 50 % bolesnika 
ima simptome frontotemporalne demencije11. ALS se u 90 % 
oboljelih pojavljuje sporadično, dok je u 10 % slučajeva poro-
dična bolest11. Porodični se oblik najčešće  nasljeđuje autoso-
mno dominantno, no postoje autosomno recesivni i X-vezani 
oblici bolesti12. Utvrđena je mutacija gena na 21. kromosomu 
koji kodira enzim Cu/Zn superoksid dizmutazu (SOD1)13. Pato-
genetski čimbenici ALS-a nisu razjašnjeni, a, osim mutacije 
gena, dokazi podupiru autoimunosne mehanizme i okolišne 
čimbenike  (teški metali, trauma, zračenje, virusne infekcije, 
pušenje itd.) kao moguće čimbenike koji pridonose patoge-
nezi ALS-a12. Muškarci obolijevaju češće nego žene, iako se 
u kasnijoj dobi prevalencija obolijevanja prema spolu sve više 
izjednačuje. Najčešće se očituje u dobi između 58. i 63. godine 
u sporadičnom obliku te između 47. i 52. godine u porodičnom 
obliku11.
U radu je prikazana 63-godišnja bolesnica u uznapredova-
loj fazi ALS-a s razvojem stres kardiomiopatije.
Prikaz bolesnika
Bolesnica u dobi od  63 godine s anamnestičkim podatkom 
o ALS-u unatrag petnaestak godina i razvijenom kroničnom 
globalnom respiratornom insuficijencijom, uz primjenu trajne 
oksigenoterapije u kućnim uvjetima, s posljedičnom paraple-
gijom, multiplim diskus hernijama vratne kralježnice te disli-
pidemijom, javila se u hitnu službu u kliničkoj slici akutnoga 
koronarnog sindroma (ACS) s pojavom bolova u prsnom košu 
otprilike sat vremena prije dolaska i elevacijom ST-spojnice u 
odvodima V2 – V5 do 0,2 mV (slika 1). S obzirom na opisanu 
kliničku sliku i EKG promjene, bolesnica je s radnom dijagno-
zom STEMI-ja anterolateralne lokalizacije upućena na žurnu 
usually mildly to moderately elevated2-5. ECG typically shows 
akinesis and apical ballooning of the left ventricle (LV) with 
reduced systolic function6. There are also atypical variants, of 
which the most common are hypokinesis of the middle part 
of the LV with apical sparing and the variant with akinesis of 
the basal LV segments and apical hyperkinesis, which is called 
“reverse” Takotsubo cardiomyopathy6. The syndrome is sig-
nificantly more common in menopausal women, and is usu-
ally preceded by an episode of emotional, mental, or physical 
stress7. There is a higher prevalence of neurological and psychi-
atric disorders among patients with cardiomyopathy7. The eti-
ology and pathophysiology of stress cardiomyopathy have not 
yet been sufficiently elucidated (vasospasm, microvascular dis-
ease, etc.)8, but elevated levels of catecholamines as a result of 
the hyperactivity of the sympathetic nervous system caused by 
a stressful event have been described as a cause9. The activa-
tion of specific parts of the brain (hippocampus, brain stem, and 
basal ganglia) has been demonstrated by measuring increased 
blood flow in the brain as well as reduced flow to the prefron-
tal cortex using single photon emission computed tomography 
(SPECT) in patients with Takosubo cardiomyopathy10.
Amyotrophic lateral sclerosis (ALS) is an incurable progressive 
neurodegenerative disease that causes muscle weakness and 
ultimately ends in death due to respiratory muscle paralysis 
and respiratory failure11. It affects the upper and lower motoneu-
rons, and the clinical picture is usually a combination of upper 
and lower motoneuron dysfunction12. It can manifest as asym-
metric weakness and muscle atrophy in the exterminates that 
are volitionally innervated (the weakness usually starts in the 
muscles of the hands) or with manifestation of bulbar symp-
toms, and later with the development of muscle weakness or ex-
clusively symptoms that include the lower motoneuron (muscle 
weakness, muscle atrophy, fasciculations). Approximately 50% 
of patients have symptoms of frontotemporal dementia11. ALS 
manifests sporadically in 90% of cases and is a familial disease 
in 10%11. The familial form of the disease is usually autosomal 
dominant, but there are also autosomal recessive and X-as-
sociated disease types12. A gene mutation has been found on 
chromosome 21 that codes the Cu/Zn superoxide dismutase 1 
enzyme (SOD1)13. The pathogenic factors of ALS have not been 
fully elucidated, and in addition to gene mutation the evidence 
also indicates autoimmune mechanisms and environmental 
factors (heavy metals, trauma, radiation, viral infections, smok-
ing, etc.) as possible factors that contribute to the pathogenesis 
of ALS12. The disease is more prevalent in men than in women, 
although at older ages the disease prevalence starts becoming 
increasingly similar between the sexes. The disease usually 
manifests between 58 and 63 years of age in the sporadic form 
and between 47 and 52 years of age in the familial form11.
Herein we report the case of a 63-year-old patient with ALS 
at an advanced phase who developed stress cardiomyopathy.
Case report
A 63-year-old female patient with a medical history of ALS 
that was diagnosed fifteen years ago and with chronic global 
respiratory insufficiency with the application of continuous 
home oxygen therapy and consequent paraplegia, multiple 
spinal discus hernias in the neck area and dyslipidemia, was 
admitted to the emergency room with a clinical picture of 
acute coronary syndrome with chest pain starting approxi-
mately an hour before arrival and ST-elevation in the V2-V5 to 
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koronarografiju. Koronarografijom je isključena značajna op-
struktivna CAD (slika 2) te je liječenje nastavljeno u jedinici 
intenzivnog liječenja. Ehokardiografski su utvrđeni hipoki-
nezija i diskretno baloniranje septoapikalnog segmenta LV-a 
uz graničnu globalnu sistoličku funkciju od 50 %. Serijskim 
praćenjem biljega nekroze miokarda nije bilo dinamike tipič-
ne za ACS (vršna koncentracija visokosenzitivnog troponina 
bila je tek 53,3 ng/L). Nakon otprilike 3 sata od početka prvih 
tegoba bolesnica više nije imala bolove u prsima. Drugog dana 
liječenja u bolesnice se razvija klinička slika refraktorne glo-
balne respiratorne insuficijencije (saturacija O2 76 %; pH 7,09) s 
Figure 2. (A) Coronary angiogram of the patient – left main coronary artery / left anterior descending artery / circumflex artery. 
(B) Coronary angiogram of the patient – right coronary artery.
A B
Figure 1. eCG in emergency room (elevation of St-segment up to 0.2 mv which suggests acute St-segment elevation myocardial 
infarction of the anterior wall).
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0.2 mV leads (Figure 1). Based on the clinical picture and ECG, 
a tentative diagnosis of STEMI with anterolateral localization 
was established and the patient was referred to urgent coron-
arography. Coronarography excluded significant obstructive 
CAD (Figure 2) and treatment was continued at the Intensive 
Care Unit. Echocardiography showed hypokinesis and dis-
creet ballooning of the septoapical segment of the LV with a 
borderline global systolic function of 50%. Serial monitoring 
of myocardial necrosis markers did not find dynamics typical 
of ACS (peak high-sensitivity troponin concentrations were 
only 53.3 ng/L). After approximately 3 hours since the onset of 
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posljedičnom karbonarkozom (pCO2 15,3 kPa), zbog čega je in-
tubirana i strojno ventilirana. U daljnjem tijeku liječenja bila 
je potpuno  ovisna o strojnoj ventilaciji, bez mogućnosti od-
vajanja od respiratora. U EKG-u se prati nepotpuna rezolucija 
prethodno opisane elevacije ST-segmenta na prednjoj stijenci 
uz pojavu bifazičnih T-valova u odvodima V2 – V5 (slika 3). 
Kontrolni ehokardiografski pregledi pokazali su potpun opo-
ravak kinetike uz oporavak LVEF-a na 60 %. U daljnjem tijeku 
nije bilo znakova srčanog zatajivanja ni značajnih poreme-
ćaja srčanog ritma, a liječena je simptomatski. Tijek liječenja 
bio je prolongiran i kompliciran razvojem respiratorne (Pse-
udomonas aeruginosa) i urinarnih infekcija (E. coli, K. pne-
umoniae ESBL), zbog čega je liječena rezervnim antibiotici-
ma. S obzirom na respiratorni status i stajalište da će strojna 
ventilacija biti destinacijska terapija, u bolesnice je obavljena 
traheotomija te je opskrbljena vlastitim kućnim respiratorom. 
Radi bolesničina daljnjega kroničnog zbrinjavanja i kondici-
oniranja te edukacije obitelji, bolesnica je 46. dana liječenja 
premještena u specijalizirani pulmološki centar. 
diskusija
U prikazane bolesnice s uznapredovalom fazom ALS-a  ra-
zvila se stres kardiomiopatija, nakon čega je vrlo brzo postala 
respiratorno insuficijentna s potrebom za trajnom strojnom 
ventilacijom. Uzimajući u obzir klinički tijek i dostupne rezul-
tate pretraga i prethodno kliničko iskustvo14 , riječ je bila upra-
vo o stres kardiomiopatiji, premda je u prvim satima liječenja, 
diferencijalnodijagnostički razmatrana mogućnost prolongi-
ranoga spazma koronarne arterije ili spontana rezolucija in-
trakoronarnog ugruška.
Kao jedan od bitnijih patogenetskih mehanizama razvoja 
Takotsubo kardiomiopatije ističe se katekolaminska kardio-
toksičnost povezana s hiperaktivnošću simpatikusa15. U bole-
snika s ALS-om dokazane su povišene razine katekolamina16. 
Figure 3. Patient eCG on day 3 of medical treatment (incomplete resolution of St elevation with biphasic t waves).
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the first symptoms, the patient no longer had any chest pain. 
On the second day of hospitalization the patient developed a 
clinical picture of refractory global respiratory insufficiency 
(O2 saturation at 76%; pH 7.09) with consequent hypercapnia 
(pCO2 15.3 kPa), due to which the patient was intubated and 
placed on mechanical ventilation. In further course of treat-
ment, the patient was completely dependent on assisted ven-
tilation and could not be removed from the respirator. ECG 
showed incomplete resolution of the ST-segment elevation on 
the front wall with the appearance of biphasic T waves in the 
V2-V5 leads (Figure 3). Echocardiographic control examina-
tions showed complete recovery of kinetics with LVEF recov-
ery to 60%. There were no subsequent signs of heart failure or 
significant heart rhythm disorders, and the patient was treat-
ed symptomatically. The treatment course was prolonged and 
complicated by the development of respiratory (Pseudomonas 
aeruginosa) and urinary infections (E. coli, K. pneumoniae 
ESBL), for which reserve group antibiotics were administered. 
Given the respiratory status of the patient and since mechani-
cal ventilation would be the destination therapy, the patient 
received a tracheotomy and was equipped with a home res-
pirator. Due to further chronic care and conditioning require-
ments of the patient and education of the family, the patient 
was transferred to a specialized pulmonary center.
discussion
The patient with advanced ALS we have described devel-
oped stress cardiomyopathy followed by rapid development 
of respiratory insufficiency requiring permanent mechanical 
ventilation. Considering the clinical course and the available 
test results as well as our previous clinical experience14 , we 
established the diagnosis of stress cardiomyopathy despite 
considering the differential diagnosis of prolonged coronary 
artery spasm or spontaneous resolution of an intracoronary 
clot during the first hours of the treatment.
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Autonomna disfunkcija u ALS-u još nije dovoljno razjašnje-
na, međutim, postoje dokazi o smanjenoj parasimpatičkoj i 
povećanoj simpatičkoj aktivnosti17,18. Hiperaktivnost simpa-
tikusa i povećane koncentracije plazmatskog noradrenalina 
pokazane su već u ranoj fazi ALS-a19, iako se hiperaktivnost 
simpatikusa u ALS-u ne smatra nužno primarnom, nego se-
kundarnom u skladu s progresijom bolesti20. Takotsubo kardi-
omiopatija pojavljuje se u raznim neurološkim bolestima21,22. 
Literatura opisuje 20 slučajeva Takotsubo kardiomiopatije u 
bolesnika s ALS-om, a njezina klinička važnost, patofiziolo-
gija i ishodi nisu dovoljno istraženi23-31. Zbog prije navedenih 
promjena autonomnoga živčanog sustava, pri čemu lokalno 
otpuštanje noradrenalina u pojačanoj simpatičkoj aktivnosti 
ima ključnu ulogu, ALS je rizični čimbenik za razvoj Takot-
subo kardiomiopatije, koja se može očitovati kada se pojavi 
stresan čimbenik (npr. infekcija, respiratorna insuficijencija, 
kirurški zahvat itd.)31,32. Ova pretpostavka upućuje na etiološ-
ke razlike između Takotsubo kardiomiopatije u ALS-u prema 
onoj u akutno nastalome neurološkom poremećaju, kada bo-
lest „per se” uzrokuje kardiomiopatiju31. Veća je incidencija 
Takotsubo kardiomiopatije u ALS-u u usporedbi s ostalim 
formama heterogene grupe bolesti motornog neurona32 te s 
obzirom na sinukleopatije (Parkinsonova bolest, demencija 
Lewyjevih tjelešaca, multipla sistemska atrofija), što se tako-
đer može pripisati povećanoj aktivnosti simpatikusa31. Ishod 
je takvih bolesnika obično lošiji u usporedbi s onima koji ne-
maju bolest motornog neurona, a vjerojatno zbog slabosti res-
piratorne muskulature u primarnoj bolesti32. Posljednja istra-
živanja sugeriraju da bi se u bolesnika s poznatim ALS-om, 
pogotovo u uznapredovaloj fazi bolesti, koji se prezentiraju 
bolovima u prsnom košu i dispnejom, trebalo posumnjati na 
Takotsubo kardiomiopatiju30. 
Zaključak
U bolesnice s uznapredovalom fazom ALS-a  na temelju kli-
ničke slike i provedene obrade postavljena je dijagnoza Takot-
subo kardiomiopatije. Time je izbjegnuta obilna medikacija 
koja bi se, prema smjernicama, trebala primijeniti u akutnom 
MI-ju. Poželjno je u bolesnika s bolestima motornog neurona 
i kliničkom slikom akutnog MI-ja posumnjati na Takotsubo 
kardiomiopatiju i na taj način izbjeći primjenu nepotrebne i 
dugoročne medikamentne terapije nepostojeće CAD. 
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Catecholamine cardiotoxicity associated with sympathetic 
nervous system hyperactivity has been emphasized as one of 
the more important pathogenic mechanisms for the develop-
ment of Takotsubo cardiomyopathy15. Increased levels of cat-
echolamines have been demonstrated in patients with ALS16. 
Autonomic dysfunction in ALS is still not sufficiently elucidat-
ed, but there is evidence of reduced activity of the parasym-
pathetic and increased activity of the sympathetic nervous 
system17,18. Sympathetic hyperactivity and elevated concentra-
tions of plasma noradrenaline have been found already in the 
early stage of ALS19, although sympathetic hyperactivity is not 
considered to necessarily be primary in ALS but rather second-
ary and dependent on the disease progression20. Takotsubo car-
diomyopathy manifests in different neurological diseases21,22. 
The literature describes 20 cases of Takotsubo cardiomyopathy 
in patients with ALS, and its clinical significance, pathophysi-
ology, and outcomes have not been sufficiently investigated23-31. 
Due to the previously described changes in the autonomic 
nervous system in which the local release of noradrenaline as 
a consequence of increased sympathetic activity plays a cru-
cial role, ALS represents a risk for the development of Takot-
subo cardiomyopathy, which can manifest in the presence of a 
stress-inducing factor (e.g. infection, respiratory insufficiency, 
surgical procedure, etc.)31,32. This implies the existence of etio-
logical differences between Takotsubo cardiomyopathy in ALS 
and those in acute neurological disorders where the disease it-
self causes cardiomyopathy31. The incidence of Takotsubo car-
diomyopathy is higher in ALS in comparison with other forms 
in the heterogenous group of motor neuron diseases32 and in 
comparison with synucleinopathies (Parkinson’s disease, 
Lewy body dementia, multiple system atrophy), which can also 
be ascribed to increased sympathetic activity31. Outcomes in 
such patients are generally poorer in comparison with those 
who do not have motor neuron disease, most likely due to weak-
ness of primary musculature as a consequence of the primary 
illness32. Latest studies suggested that Takotsubo cardiomyo-
pathy should be suspected in patients with diagnosed ALS 
who present with chest pain and dyspnea, especially in the ad-
vanced phase of the disease30.
Conclusion
Our patient with advanced ALS was diagnosed with Takot-
subo cardiomyopathy on the basis of the clinical picture and 
patient processing. This avoided prescription of the copious 
amounts of medication that guidelines recommend for acute 
MI. Takotsubo cardiomyopathy should be suspected in patients 
with motor neuron disease and the clinical picture of acute MI, 
thus avoiding the application of long-lasting and unnecessary 
medication treatment for non-existent CAD.
2020;15(1-2):21.
LiteRAtURe
1. Akashi YJ, Goldstein DS, Barbaro G, Ueyama T. Takotsubo cardiomyopathy: a new form of acute, reversible heart failure. Circulation. 2008 Dec 16;118(25):2754-62. 
https://doi.org/10.1161/CIRCULATIONAHA.108.767012
2. Slivnjak V, Lakusic N, Cerovec D, Richter D. [Tako-Tsubo cardiomyopathy; reversible left ventricular dysfunction mimicking acute myocardial infarction with ST-elevation]. Lijec Vjesn. 
2009 Jan-Feb;131(1-2):14-7. PubMed: https://www.ncbi.nlm.nih.gov/pubmed/19348350
3. Durasevic Z, Biocic S, Ostricki B, Crnogorac M, Henezi I, Vuksanovic I. Tako-Tsubo – stress induced cardiomyopathy: a case report. Cardiol Croat. 2012;7(1 Suppl):11. Available from: 
https://www.kardio.hr/2012/10/11/cardiologia-croatica-2012-suppl-1/ (December 2, 2019).
4. Petrović Juren I, Prša S, Čleković-Kovačić A, Soukup Podravec V, Milevoj Križić K, Ivanac Janković R, et al. Takotsubo cardiomyopathy in a female patient with acute ureterolithiasis. 
Cardiol Croat. 2019;14(3-4):74-5. https://doi.org/10.15836/ccar2019.74
5. Radić K, Vrbanić M, Švađumović Lj. Stress cardiomyopathy: diagnosis and treatment. Cardiol Croat. 2018;13(11-12):495. https://doi.org/10.15836/ccar2018.495 
6. Hurst RT, Parasad A, Askew JW 3rd, Sengupta PP, Tajik AJ. Takotsubo cardiomyopathy: a unique cardiomyopathy with variable ventricular morphology. JACC Cardiovasc Imaging. 2010 
Jun;3(6):641-9. https://doi.org/10.1016/j.jcmg.2010.01.009
7. Templin C, Ghadri JR, Diekmann J, Napp LC, Bataiosu DR, Jaguszewski M, et al. Clinical features and outcomes of Takotsubo (stress) cardiomyopathy. N Engl J Med. 2015 Sep 
3;373(10):929-38. https://doi.org/10.1056/NEJMoa1406761
8. Nef HM, Mollmann H, Elsasser A. Tako-tsubo cardiomyopathy (apical ballooning). Heart. 2007 Oct;93(10):1309-15. https://doi.org/10.1136/hrt.2006.101675
9. Lyon AR, Rees PS, Prasad S, Poole-Wilson PA, Harding SE. Stress (Takotsubo) cardiomyopathy – a novel pathophysiological hypothesis to explain catecholamine – induced acute myocar-
dial stunning. Nat Clin Pract Cardiovasc Med. 2008 Jan;5(1):22-9. https://doi.org/10.1038/ncpcardio1066
10. Suzuki H, Matsumoto Y, Kaneta T, Sugimura K, Takahashi J, Fukumoto Y, et al. Evidence for brain activation in patients with takotsubo cardiomyopathy. Circ J. 2014;78(1):256-8. 
https://doi.org/10.1253/circj.CJ-13-1276
11. Ralli M, Lambiase A, Artico M, de Vincentiis M, Greco A. Amyotrophic lateral sclerosis: autoimmune pathogenic mechanisms, clinical features and therapeutic perspectives. Isr Med 
Assoc J. 2019 Jul;21(7):438-43. PubMed: https://www.ncbi.nlm.nih.gov/pubmed/31507117
12. Bučuk M, Sijan K, Tomić Z, Sonnenschein I. Amyotrophic lateral sclerosis. Medicina Fluminensis. 2014;50(1):7-20. Available from: https://hrcak.srce.hr/file/175138 (December 2, 2019).
13. Rosen DR, Siddique T, Patterson D, Figlewicz DA, Sapp P, Hentati A, et al. Mutations in Cu/ZN superoxide dismutase gene are associated with familial amyotrophic lateral sclerosis. 
Nature. 1993 Mar 4;362(6415):59-62. https://doi.org/10.1038/362059a0
14. Slivnjak V, Lakusic N, Richter D, Cerovec D. Stress cardiomyopathy with ST-segment elevation of the anterolateral location complicated by a secondary massive intracranial bleeding. 
Int J Cardiol. 2009 Aug 21;136(3):e63-5. https://doi.org/10.1016/j.ijcard.2008.05.013
15. Norcliffe-Kaufmann L, Kaufmann H, Martinez J, Katz SD, Tully L, Reynolds HR. Autonomic findings in Takotsubo cardiomyopathy. Am J Cardiol. 2016 Jan 15;117(2):206-13. 
https://doi.org/10.1016/j.amjcard.2015.10.028
16. Ziegler MG, Brooks BR, Lake CR, Wood JH, Enna SJ. Norepinephrine and gamma aminobutyric acid in amyotrophic lateral sclerosis. Neurology. 1980 Jan;30(1):98-101. 
https://doi.org/10.1212/WNL.30.1.98
17. Oey PL, Vos PE, Wieneke GH, Wokke JH, Blankestijn PJ, Karemaker JM. Subtle involvement of the sympathetic nervous system in amyotrophic lateral sclerosis. Muscle Nerve. 2002 
Mar;25(3):402-8. https://doi.org/10.1002/mus.10049
18. Pavlovic S, Stevic Z, Milovanovic B, Milicic B, Rakocevic-Stojanovic V, Lavrnic D, et al. Impairment of cardiac autonomic control in patients with amyotrophic lateral sclerosis. Amyotroph 
Lateral Scler. 2010 May 3;11(3):272-6. https://doi.org/10.3109/17482960903390855
19. Baltadzhieva R, Gurevich T, Korczyn AD. Autonomic impairment in amyotrophic lateral sclerosis. Curr Opin Neurol. 2005 Oct;18(5):487-93.  
https://doi.org/10.1097/01.wco.0000183114.76056.0e
20. Yamashita A, Koike Y, Takahashi A, Hirayama M, Murakami N, Sobue G. Relationship between respiratory failure and plasma noradrenaline levels in amyotrophic 
lateral sclerosis. Clin Auton Res. 1997 Aug;7(4):173-7. https://doi.org/10.1007/BF02267978
21. Finsterer J, Wahbi K. CNS disease triggering Takotsubo stress cardiomyopathy. Int J Cardiol. 2014 Dec 15;177(2):322-9. https://doi.org/10.1016/j.ijcard.2014.08.101
22. Porto I, Della Bona R, Leo A, Proietti R, Pieroni M, Caltagirone C, et al. Stress cardiomyopathy (tako-tsubo) triggered by nervous system diseases: A systematic review of the reported 
cases. Int J Cardiol. 2013 Sep 10;167(6):2441-8. https://doi.org/10.1016/j.ijcard.2013.01.031
23. Matsuyama Y, Sasagasako N, Koike A, Matsuura M, Koga T, Kawajiri M, et al. An autopsy case of amyotrophic lateral sclerosis with ampulla cardiomyopathy. Rinsho Shinkeigaku. 2008 
Apr;48(4):249-54. https://doi.org/10.5692/clinicalneurol.48.249
24. Mitani M, Funakawa I, Jinnai K. [Transient left ventricular apical ballooning, “Takotsubo” cardiomyopathy, in an amyotrophic lateral sclerosis patient on long-term respiratory support]. 
Rinsho Shinkeigaku. 2005 Oct;45(10):740-3. PubMed: https://www.ncbi.nlm.nih.gov/pubmed/16318369
25. Takayama N, Iwase Y, Ohtsu S, Sakio H. [“Takotsubo” cardiomyopathy developed in the postoperative period in a patient with amyotrophic lateral sclerosis]. Masui. 2004 Apr;53(4):403-
6. PubMed: https://www.ncbi.nlm.nih.gov/pubmed/15160667
26. Massari FM, Tonella T, Tarsia P, Kirani S, Blasi F, Magrini F. Tako-tsubo syndrome in a young man with amyotrophic lateral sclerosis. A case report. G Ital Cardiol (Rome). 2011 
May;12(5):388-91. https://doi.org/10.1714/643.7506
27. Suzuki Y, Oishi M, Kanno A, Ogawa K, Fujisawa M, Kamei S. Amyotrophic lateral sclerosis accompanying elevated catecholamines occurring as a complication of takotsubo cardiomyopa-
thy. Geriatr Gerontol Int. 2013 Jan;13(1):240-1. https://doi.org/10.1111/j.1447-0594.2012.00943.x
28. Peters S. Tako tsubo cardiomyopathy in respiratory stress syndrome in amyotrophic lateral sclerosis. Int J Cardiol. 2014 Nov 15;177(1):187. https://doi.org/10.1016/j.ijcard.2014.09.135
29. Santoro F, Ieva R, Ferraretti A, Carapelle E, De Gennaro L, Specchio LM, et al. Early recurrence of Tako-Tsubo cardiomyopathy in an elderly woman with amyotrophic lateral sclerosis: 
different triggers inducing different apical balloonig patterns. J Cardiovasc Med (Hagerstown). 2016 Dec;17 Suppl 2:e266-e268. https://doi.org/10.2459/JCM.0b013e328364dcbc
30. Choi SJ, Hong YH, Shin JY, Yoon BN, Sohn SY, Park CS, et al. Takotsubo cardiomyopathy in amyotrophic lateral sclerosis. J Neurol Sci. 2017 Apr 15;375:289-93. 
https://doi.org/10.1016/j.jns.2017.02.012
31. Izumi Y, Miyamoto R, Fujita K, Yamamoto Y, Yamada H, Matsubara T, et al. Distinct incidence of Takotsubo syndrome between amyotrophic lateral sclerosis and synucleinopathies: a 
cohort study. Front Neurol. 2018 Dec 13;9:1099. https://doi.org/10.3389/fneur.2018.01099
32. Finsterer J, Stollberger C. Motor neuron disease triggering takotsubo syndrome. Int J Cardiol. 2016 Nov 15;223:21-2. https://doi.org/10.1016/j.ijcard.2016.08.185
Sopek Merkaš I, Fučkar K, Cerovec D, Lakušić N, Vincelj Šalković Lj, Cerovec D, et al. 
